The present study has explored the first authentic catalogue of the alien flora of the foot Himalayan hilly region along with their diversity, uses, various ecological aspects and invasion status. Environmentally similar south and tropical American aliens are higher in numbers in this region. A total of 216 plant species under 158 genera belonging to 58 families have been compiled in this catalogue. This alien flora occupies ~14.5% of the state flora, while 3.47% is invasive. Families having a large number of alien species are Asteraceae followed by Caesalpiniaceae and Solanaceae. Most of the alien species (61.57%) are of American origin followed by Asia (15.28%) and African continent (12.04%). Life form analysis shows that herbs (42.6%) are dominated alien. Among all the aliens, 67 species are used as ornamental plant, followed by 50 medicinally useful plants. In the state neutralized aliens are (36.57%) followed by invasive alien (24.07%). The present study also reports five alien species for the first time from the study site. This base line study would be the foundation for further advance studies on the invasion ecology and for the future assessment and management of invasive species in this biodiversity rich zone. Present work obviously helps in the agricultural sector of the state as well as the country and gives a clue for further introduction of new species in the country.
Introduction
Biological invasions of alien species are widely recognized as a significant component of human-caused global environmental changes, associated with signifi-geographically lies between 22˚56' and 24˚32'N latitude to 91˚09' and 92˚20'E longitude, in the Indo-Burma biogeographical region of India ( Figure 1 ). The state is well known for its natural sights, green vegetation and highly diversified flora and fauna. The mean annual rainfall is 2024.4 mm while, temperature ranges from a minimum of 6˚C in December to a maximum of 39˚C in March.
The relative humidity of the state is over 60%, except during the month of November to January. The soil is generally red laterite to sandy loam and alluvial in the river catches. Within the state the elevation is ranges 12.5 m in the plains of west to 914 m in the east border of Mizoram. Maximum of the forests are conserved within north south directed five parallel hill ranges in the central to northern part of the state and few are in the southern part of the state, which are now affected by mono culturing practices. Botanically the state is of great interest because of its hot summer and favorable environmental condition, which support the growth of the tropical aliens. As a result many alien plants species are vigorously propagating and naturalizing in this region and altering native vegetation.
Methods
The intensive field survey was conducted in various season of the year, July 2013
to July 2015 to document and enlist the maximum number of alien flora from various habitat viz.-Sanctuaries, national park, forests, avenue, park, road side, public and official gardens, eco-sites, waste land, fellow lands, river catches, dry channels, drains along highway and various crops fields, cultivated fields and other relevant ecosystems of the state. Species were identified through local floras [30] - [37] and specimens were matched with Herbarium of department of Forestry and Biodiversity, Tripura University and confirmed with the Botanical Survey of India (BSI), Shillong.
The nativities of the species were confirmed from all possible sources [38] - [50] including the specialized Internet web pages (www.efloras.org) and recently published some similar studies. We recognized the nativity of the species at Continental scale, region scale as well as Country level, viz., South America, North America, Europe, Tropical America, South east Tropical Asia, Polynesia, Tropical Africa, Tropical west Asia, Mediterranean, America, Tropical east Africa, South Africa, Syria, Malaysia, Yugoslavia, Mexico, Myanmar, Brazil, Madagascar, Burma, China and Australia. Growth form, habit, habitat, uses, invasion status and mode of introductions of the plant species of the region has been considered and brief conspectuses of the terms are used in the table and their abbreviations are given below the table. Species those were entered in last one decade and not included in the state flora are marked (*) with their scientific name. We deliberately exclude those "alien plant species" whose are distributed in the borders of neighbouring country. We included all the alien plants species which are under cultivation and ornamental state but not naturalized in local ecosystem, such plant species may not be assigned as cultivated or casual alien as present but may be naturalized or invasive to the local ecosystem in future. We strictly adopted a biogeographical approach while assigning the invasion status of all the alien species viz. cultivated, casual, naturalized and invasive [28] [50] [51] .
For the assessment of phytosociological status of invasive species among the all alien flora of the state, we have taken the data by random quadrate method. A total of 200 quadrates were taken in the weeding season (July 2014-November 2014) from various habitats in the state. Two m 2 quadrates were used for finding the frequency, density, abundance and their relative values and important value index (IVI).
Data Analysis
Data of the invasive species were calculated by using the following formula [52] [53] [54] with the help of Microsoft Excel 2007, in case of figure we used Origin software (version 6.0 professional) 1) Frequency = (Total number of quadrate in which the species occurs × 100)/ Total number of quadrate studied 2) Relative frequency = (Frequency of individuals of a species × 100)/Total frequency of all species 3) Density = Total number of individual of a species in all quadrates/Total number of quadrates studied 4) Relative density = (Density of individuals of a species × 100)/Total density of all species 5) Abundance = Total number of individuals of a species in all quadrates/Total number of quadrates in which the species occurred 6) Relative abundance = (Abundance of individual of a species × 100)/Total abundance of all species 7) Important Value Index = Relative frequency + Relative density + Relative abundance]
Results
The present investigation reveals that the alien flora of north eastern hilly state, Tripura, is comprised of 216 plant species (~14.3% of the state flora) belonging to 158 genera within 58 families. Among all the alien plant species dicotyledons comprises maximum 187 species with 136 genus and 49 families while, monocots are represented only 24 species with 18 genus and 7 families followed by five species of gymnosperm belonging to 4 genera and 2 families which include Araucariaceae and Cupressaceae only (Table 1) . Maximum numbers of alien species belonging to the families are Asteraceae (23), Caesalpiniaceae (14) , Solanaceae (13), Papilionaceae (10), Malvaceae (10), Convolvulaceae and Euphorbiaceae (nine species of each), Poaceae and Cyperaceae (seven species of each) and Mimosaceae (six species). The 10 families represent 50% of the total alien flora. Relative to their total genera of the families Caesalpiniaceae represents maximum (75%) and Poaceae shows minimum (12%) alien genus in the top 10 families ( Table 2 ). The genus Cassia and Ipomoea represents highest numbers of alien species (8 species in each) followed by Cyperus (6), Solanum (5), Hibiscus and Brassica (4 species in each); Acacia, Alternanthera and Euphorbia (3 species in each). In terms of diversity of the species, the genus Alternanthera showed 100% invasiveness, followed by Ipomoea (88.88%), Cassia (87.5%) and Brassica (80%) ( Table 3) . Among the all alien plant species one hundred twenty six or 58.33% genera represents only one species (Table 4) . While estimating the contribution of source flora according to their distribution we compiled them in Tabular form (Table 5 ). In continental basis it is estimated that 61.57% of the alien species are of American origin followed by Asia (15.28%), Africa (12.96%), Europe (7.41%) and Oceania (3.70%).
Habit wise plants are categorised as annual (40.28%) and perennial (59.72%). Estimating the life forms of all the alien species, herbs shows maximum (42.6%), followed by shrubs (23.61%), tree (22.22%), climber (5.09%), grass and sedges (3.24% each). About 23.61% of the species are abundant in various ornamental garden, followed by cultivated field, waste lands, road side and in forest ecosystem are 18.05%, 11.11%, 8.33% and 5.55% respectively. Seven species are found solely from aquatic habitat, nine from crop field, four from moist place, two each from river bed and home garden and one species Hevea brasiliensis is cultivating vigorously in the state. Remaining all the species are distributed in various habitat. A total of 66 (30.55%) species have been introduced intentionally for various economic, medicinal and ornamental purposes and remaining 150 (69.44%) species were introduced unintentionally by way of various unmannered trades ( Figure 2 ).
On the profile of economic uses of the alien plant species, 63 (29.17%) species are ornamental in the state. The second most frequent economic uses are medicinal plant species (15.70%), followed by food (9.72%), fruit species (6.02%) while, 14.81% of the species has no use value. Other various uses like timber, as vegetables, fibre, hut making, latex collection of the alien species are documented through the consultation with local people in the state (Table 4 and Figure 3 ). Value Index were recorded from the various habitats (Table 6 ). The most frequent invasive species in the study area is Chromolaena odorata (71%), followed by Ageratum conyzoides (60.5%), Alternanthera philoxeroides (50.5%) and Mikania micrantha (49%). The most densely species in the study area is Chromolaena odorata (6.11) followed by Ageratum conyzoides (5.02), while Ipomoea alba (0.10) shows least. Chromolaena odorata (8.60) is the most abundant species in the study area followed by Parthenium hysterophorus (7.76). IVI calculated for the individual invasive species in the study area, Chromolaena odorata shows highest (18.82) followed by Ageratum conyzoides (15.74), Hyptis suaveolens (12.16) and lowest in Ipomoea alba (1.40). 
Discussion
Although, some of the alien species are invasive and a major threat to the local ecosystem when they are introduced unintentionally outside their natural habitat, but many alien species are supporting our farming and forestry structure in an immense manner [55] .
A total of 216 alien species are distributed in various ecosystems in the state which belongs to 58 families, from which only 10 families accounts the 50 % of the total alien flora. Asteraceae is the dominant alien family having 10.64% of total alien flora in the state followed by Caesalpiniaceae, Solanaceae, Papilionaceae, Malvaceae, Convolvulaceae, Euphorbiaceae, Poaceae, Cyperaceae and Mimosaceae. Our finding about the distribution of families of alien species in Tripura is in accordance with the findings of earlier workers in other parts of India [19] [50] [56] [57] . In this catalogue of alien species 18 families are represented by single species while 13 families have only two species (Table 4) . is naturalized in terrestrial habitat and geographically originated from South East Tropical Asia. Alternanthera brasiliana (Amaranthaceae), Caladium bicolor (Araceae), and Tridex procumbens (Asteraceae) are invasive to the native ecosystem in the state. Alternanthera brasiliana, Caladium bicolor were originally introduced as ornamental aliens but at present they have invaded the natural flora and become establish in the local ecosystem replacing the original popula-tion thus becomes detrimental. This kind of invasiveness of the ornamental plant was also reported from Kashmir valley [58] . Most of the invasive species are distributed along the road side of the state which matched earlier report [59] .
Only one species Acacia mangium (Mimosaceae) was introduced in 1990s for timber production, which is geographically Australian origin. In earlier reports [45] [60] estimated that, the contributions of alien flora in India were 40% and 18% respectively while in the state it is nearly 14.5%, which is less than the respective data to our country. Recently few studies have been conducted by few workers on alien flora of the different region of the country [38] [40] [42] , the main purpose of such studies were to provide a list of "alien" within their respective region without keeping in mind any kind of invasion status of the species. On comparison with these studies we compiled here the whole alien flora in the state with the proper observation on their invasion status within the state.
The American alien plant species in the state (61.57%) exceed the total American contribution (55%) alien plant species in India [45] . The probable reasons for such higher proportions of successful introduction of the alien species in the state flora of Tripura could be the (i) more or less climatic similarities with the tropical America and/or (ii) due to increase in temperature in the region which invite the Tropical American flora. Although two decade ago the state had favourable environment and highest proportion of native forest, but now due to mono-culturing practices of Hevea brasiliensis, temperature is increasing and supports the adoption of the Tropical American flora. If such climate change will continue, the contribution of American flora to the country will increase and most of the species those are now naturalized in condition they could be invasive to the country in future. While, less proportion of the alien species are contributed by Oceania and Europe, which support the earlier findings [45] .
Herbs are the dominant alien species (92) in the state followed by shrubs and tree which supports the findings of previous work [40] on invasive species diversity of Western Ghats, India. The 52 invasive species are creating a pressure on ecology and socio-economic structure of the state but some of them are playing a beneficial role in ecological restoration, soil conservation and healthier econ- The present study also shows the relatively higher percentage (31.02%) of ornamental alien species introduced in the state are in accordance with the observations of the earlier workers in the flora of Azores Archipelago and Taiwan [61] [62] [63] . Field survey and investigation reveal that deliberately introduce alien tree species like Eucalyptus maculata, Acacia auriculiformis, Leucaena leucocephala, and unintentionally introduced some woody shrubs like Lantana camara, Chromolaena odorata, cassia tora are supplying the rural fuel wood and timber demand. The species like Delonix regia, Lagerstromia speciosa and Peltophorum pterocarpum are the colour in the state forest and they are also used as ornamental tree in the garden.
Ecological Impacts
The invasive alien species can rapidly adapt to a wide range of environmental condition which may assist their dispersal to a far distance from their place of origin. Some herbaceous and shrubby alien plants like Chromolaena odorata, Cassia tora, Lantana camara, Ageratum conyzoides, Amaranthus spinosus, Eichornia crassipes and Alternanthera sessilis are harmful to the mankind. Their invasion and rapid propagation has triggered ecological imbalance within the native floristic composition. The studies on historical and present perspective of Lantana camera showed that it was introduced in Indian Botanical Garden, Shivpur as an ornamental hedge at 1809 [38] , but at present it is a serious invader and now invasive to the state of Tripura and it is also attacking the forest ecosystem of the state. Chromolaena odorata first arrived in Kerala [64] [65], later it is invaded in all hot places in the country. In the state it inhabits almost in all ecosystem through its rapid propagation which creates a serious menace to the native elements. Croton bonplandianum was first introduced in 1897 in East Pakistan from South America by ship [38] . The species furthered propagated along railway track and spread and invaded in various parts of India [66] . At present it is a hazardous weed in all the agricultural field of the study area. Parthenium hysterophorus arrived in the state just one decade ago and adversely affect the urban ecosystem as well as various river catches of the state. It was first reported from India in 1956 from western part of peninsular India [67] . Mimosa pudica another invasive species was introduced from Brazil and presently it is expanding at an alarming rate in the country. Now the species is vigorously attacking the grass land and creating a major threat to the grazing to livestock.
Conclusion
In this investigation, we have compiled all the alien flora of the state with their invasion status. Such careful compilation and categorization of regional alien flora will provide vital clues for revelation of the problem resulting from species invasion. Most of the invasive species in the catalogue are noxious to the agroecosystem as well as to the indigenous flora in the state. In this perspective this catalogue could be effective for the prediction of invasive aliens, their monitoring and management practices. This catalogue will obviously help in the agri- 
